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  REMOVAL OF ANIONIC SURFACTANTS BY 
SORPTION ONTO AMINATED MESOPOROUS 
CARBON 
Direct and indirect releases of large quantities of surfactants to the environ-
ment may result in serious health and environmental problems. Therefore, 
surfactants should be removed from water before release to the environment 
or delivery for public use. In the present work, the removal of anionic surfac-
tants, benzene sulfonate (BS), p-toluene sulfonate (TS) and 4-octylbenzene 
sulfonate (OBS) from water by adsorption onto amino modified mesoporous 
carbon (AMC) were studied. The AMC surface chemistry and textural pro-
perties were characterized by nitrogen adsorption, XRD and FT-IR analyses. 
Experiments were conducted in batch mode with variables such as amount of 
contact time, solution pH, dose of adsorbent and temperature. Finally, the 
adsorption isotherms of anionic surfactants on mesoporous carbon adsorbents 
were in agreement with a Langmuir model. AMC has shown higher anionic 
surfactants adsorption capacity than the untreated mesoporous carbon, which 
can be explained by the strong interaction between the anionic surfactant and 
the cationic surface of the adsorbent. 
Keywords: aminating; mesoporous carbon; anionic surfactant; Lang-
muir model. 
 
 
Surfactants are widely used compounds, as 
their dual hydrophobic/hydrophilic nature makes them 
invaluable for flocculation, detergency and stabili-
zation processes in industrial and domestic applica-
tions. There has been an exponential increase in the 
production and use of these substances over the past 
century. Despite the high biodegradability required by 
law for these products, the enormous amount of 
waste they produce has a severe impact on waters 
and soils [1-4]. A rough estimate of the worldwide 
surfactant production is 10 million tons per year, of 
which anionic surfactants account for about 60%. 
Anionic surfactants are popular detergent ingredients, 
because of their straightforward synthesis and conse-
quently low production costs [5]. 
Surfactants in wastewaters can partly be bio-
degraded especially under aerobic conditions. How-
ever, under anaerobic conditions they are not biodeg-
radable and show adverse effects on aquatic life. 
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Furthermore, they can act synergistically with some 
other toxic chemicals which may be present in waste-
waters increasing their negative effects on the envi-
ronment [6-8]. Moreover, the discharge of this com-
pound into waters has produced numerous problems 
of environmental contamination and therefore a 
marked reduction in the quality of sources of drinking 
water. Therefore, the amount of surfactants present in 
wastewaters of many industries, especially detergent 
and textile, must be reduced at least to acceptable 
levels before discharging to the environment. The 
conventional methods for surfactant removal from 
water involve processes such as chemical and elec-
trochemical oxidation, membrane technology, chemi-
cal precipitation, photo-catalytic degradation, adsorp-
tion and various biological methods [5,8]. Many of 
these processes are not cost effective and/or not suit-
able for application on a household scale. Adsorption 
technology can be of low cost and can be applied in 
small devices. It therefore offers potential for use on 
household scale, also in low-income households. At 
this stage of the project, re-use of the spent adsorbent 
is not considered. We propose to use an environ-
mentally harmless absorbent that can be discarded or 
burnt as low-volume domestic waste. The preparation S.E. MORADI, J. KHODAVEISY, R.DASHTI: REMOVAL OF ANIONIC SURFACTANTS…  CI&CEQ 19 (3) 347−357 (2013) 
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of low-cost adsorbents from waste materials has 
several advantages, mainly of economic and environ-
mental nature. A wide variety of novel adsorbents 
have been recently prepared from different waste 
materials utilizing agricultural as well industrial and 
municipal wastes. Although many articles have been 
published [9-19] so far discussing the importance of 
low-cost adsorbents in water pollution control, many 
of them are generally either adsorbate-specific or 
adsorbent-specific. 
Recently, Ryoo et al. prepared ordered meso-
porous carbons (CMK-x) from mesoporous silica tem-
plates such as MCM-48, SBA-1 and SBA-15 using 
sucrose as the carbon source [20–23]. Adsorption 
plays an important role in these processes. Therefore, 
the interactions of such compounds with the meso-
porous carbon surface must be studied in detail. The 
mesoporous carbon materials adsorption capacity 
depends on quite different factors. Obviously, it 
depends on the mesoporous carbon’s characteristics: 
texture (surface area, pore size distributions), surface 
chemistry (surface functional groups) [24–26]. Meso-
porous carbon materials with ordered pore structure, 
high pore volume, high specific surface area, and 
tunable pore diameters can be used as an effective 
adsorbent in industry. Due to its open pore structure 
and mesoporous properties, mesoporous carbon pro-
vides marked advantages over typical activated car-
bon in the adsorption and diffusion process [27]. 
Ordered mesoporous carbon materials have some 
superiority in contrast with microporous carbon adsor-
bents. The most important superiorities are given as 
higher specific surface area and specific pore volume 
that increases the contact area between adsorbent 
and adsorbate to reach to maximum of organic and 
inorganic molecules adsorption. Moreover, highly 
ordered structure and mesopore size of this novel 
ordered nanoporous carbon that affect on equilibrium 
time decrease for removal of pollutant. However, the 
hydrophobic and inert nature of mesoporous carbons 
can be unfavorable for several applications. Surface 
modification or functionalization of porous carbon 
materials is crucial not only for the development and 
application of hybrid mesoporous materials but also to 
change the hydrophobicity and hydrophilicity charac-
ter of the surface of the materials in order to make 
them available as good adsorbents or catalysts for the 
selective removal of some organic contaminants [28].  
The objective of this study is to investigate the 
adsorption characteristics of some anionic surfactants 
onto amino modified and unmodified mesoporous 
carbon adsorbents in relation to wastewater purifyca-
tion. The influence of the surface modification of 
mesoporous carbon adsorbent was analyzed in terms 
of adsorption rate (adsorption kinetic) and capacity 
(adsorption isotherm) for anionic surfactants. Interest-
ingly, it was found that the adsorption capability of 
different types of amino modified ordered mesopo-
rous carbon for anionic surfactants is much higher 
compared to that of pristine mesoporous carbon.  
MATERIALS AND METHODS 
Materials 
The reactants used in this study were tetraethyl 
orthosilicate (TEOS) as a silica source, cetyltrimethyl-
ammonium bromide (CTAB) as a surfactant, sodium 
hydroxide (NaOH), sodium fluoride (NaF), deionized 
water for synthesis of mesoporous silica (MCM-48), 
sucrose as a carbon source, sulfuric acid as a catalyst 
for synthesis of mesoporous carbon, aqueous ammo-
nia, sodium hydrosulfite, acetic anhydride, fuming 
nitric acid, and sulfuric acid as fictionalization agents, 
benzene sulfonate (BS), p-toluene sulfonate (TS) and 
4-octylbenzene sulfonate (OBS). All chemicals were 
of analytical grade from Merck (Darmstadt, Germany). 
Working standard solutions were prepared by appro-
priate dilution of the stock standard solution. The fol-
lowing buffers were used to control the pH of water 
samples: hydrochloric acid–glycine (pH 1–3), sodium 
acetate–acetic acid (pH 3–6), disodium hydrogen 
phosphate–sodium dihydrogen phosphate (pH 6–8), 
and ammonium chloride–ammonia (pH 8–10). 
Synthesis of silica template and MC 
MCM-48 was prepared using CTAB as a surf-
actant and TEOS as a silica source, according to 
Shao et al. [29]. Briefly, 10 mL of TEOS was mixed 
with 50 mL of deionized water, and the mixture was 
vigorously stirred for 40 min at 35 °C, then 0.9 g of 
NaOH was added into mixture, and at the same time, 
0.19 g of NaF was added into the mixture. After the 
NaF was added completely, the required content of 
sources, respectively, were added. After another 60 
min of vigorous stirring, 10.61 g of CTAB was added 
to the mixture, and stirring continued for 60 min. The 
mixture was heated for 24 h at 393 K in an autoclave 
under static conditions, and the resulting product was 
filtered, washed with distilled water, and dried at 373 
K. The sample was calcined at 823 K for 4 h in air to 
remove the surfactant completely. The product thus 
obtained was referred to as MCM-48. Then 1.25 g 
sucrose and 0.14 g H2SO4 were dissolved in 5.0 g 
H2O, and this solution was added to 1 g MCM-48. The 
sucrose solution corresponded approximately to the 
maximum amount of sucrose and sulfuric acid that S.E. MORADI, J. KHODAVEISY, R.DASHTI: REMOVAL OF ANIONIC SURFACTANTS…  CI&CEQ 19 (3) 347−357 (2013) 
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could be contained in the pores of 1 g MCM-48. The 
resultant mixture was dried in an oven at 373 K, and 
subsequently, the oven temperature was increased to 
433 K. After 6 h at 433 K, the MCM-48 silica con-
taining the partially carbonizing organic masses was 
added with an aqueous solution consisting of 0.75 g 
sucrose, 0.08 g H2SO4 and 5.0 g H2O. The resultant 
mixture was dried again at 373 K, and subsequently 
the oven temperature was increased to 433 K. The 
color of the sample turned very dark brown or nearly 
black. This powder sample was heated to 1173 K 
under vacuum using a fused quartz reactor equipped 
with a fritted disk. The carbon-silica composite thus 
obtained was washed with 1 M NaOH solution of 50% 
ethanol – 50% H2O twice at 363 K, in order to dissolve 
the silica template completely. The carbon samples 
obtained after the silica removal were filtered, washed 
with ethanol. 
Treatment before modification on MC 
The prepared MC was vacuum-dried at 110 °C 
for 24 h after being washed with deionized water until 
the electroconductivity of the filtrate became nearly 
the same as that of the water. It was then treated with 
hydrogen at 100 °C according to the previous report 
[30]. Surface modification was done by nitrating the 
carbon surface through electrophilic substitution and 
then aminating it through reduction. Reagent grade 
acetic anhydride, fuming nitric acid, and sulfuric acid 
were used as supplied in nitration. Distilled water for 
injection as the solvent, 28% aqueous ammonia, and 
reagent grade sodium hydrosulfite were employed as 
purchased in amination.  
Surface modification of mesoporous carbon  
AMC was prepared using MC, according to Abe 
et al. [31]. Briefly, nitration was allowed to proceed in 
a 1000 mL three-neck flask containing MC, acetic 
anhydride, and concentrated sulfuric acid with drop-
wise addition of fuming nitric acid in 5 h while keeping 
the temperature below 5 °C. The reaction was com-
pleted after 19 h of stirring at room temperature. 
Modified MC thus obtained was thoroughly washed 
with deionized water until the electroconductivity of 
filtrate attained a value nearly the same as that of the 
water and vacuum-dried for 24 h at 110 °C. Reduction 
of the nitrated mesoporous carbon was permitted to 
proceed in a 1000 mL flask containing deionized 
water, 28% aqueous ammonia, sodium hydrosulfite, 
and the carbon with stirring for 24 h in nitrogen atmo-
sphere at room temperature. The aminated mesopo-
rous carbon thus obtained was vacuum-dried at 110 
°C after being washed with deionized water until the 
electroconductivity of filtrate became nearly the same 
as that of the water. This carbon sample is hereafter 
abbreviated to AMC. 
Characterization 
X-ray powder diffraction patterns were recorded 
on a Philips 1830 diffractometer using CuKα radiation 
(XRD, Philips Electronic Instruments, PW 1710). The 
diffractograms were recorded in the 2θ range of 0.8–
10 with a 2θ  step size of 0.01° and a step time of 1 s. 
Adsorption-desorption isotherms of the synthesized 
samples were measured at 77 K on micromeritics 
model ASAP 2010 sorptometer (Norcross, GA, USA) 
to determine an average pore diameter. Pore-size 
distributions were calculated by the Barrett-Joyner-
Halenda (BJH) method, while surface area of the 
sample was measured by Brunaure-Emmet-Teller 
(BET) method. Elemental analysis was carried out to 
determine the amount of nitrogen-containing groups 
introduced onto mesoporous carbon surface with an 
elemental analyzer (CHN-O-RAPID type, Heraeous 
Co., Ltd.). 
Adsorption studies 
Each of the synthesized adsorbents was trans-
ferred to a 50 mL flask with a stopper, containing 50 
mL of anionic surfactant dissolved in Mili-Q water. 
The initial concentrations of anionic surfactants in 
adsorption experiments were less than 2.1 mmol/L. 
After stirring for different times at 25 °C, the mixture 
was filtered through a Dismic filter (pore size 0.2 mm). 
The first 10 mL of filtrate was discarded and the rest 
was harvested for analysis by a UV–Vis spectropho-
tometer (Hitachi U2000 with 1 cm quartz cell) at 212, 
222 or 224 nm for benzene sulfonate (BS), p-toluene 
sulfonate (TS) or 4-octylbenzene sulfonate (OBS), 
respectively. Samples with higher anionic surfactant 
concentration than CMC (critical micelle concentra-
tion) were analyzed after diluting to less than 2.1 
mmol/L. The adsorption capacities were calculated 
based on the differences of the concentrations of 
solutes before and after the experiment according to 
Eq. (1) [32]: 
−
= 0e
e
() cc V
q
W
 (1) 
where qe is the concentration of the adsorbed solute 
(mmol/g), c0 and ce are the initial and final (equilib-
rium) concentrations of the solute in solution 
(mmol/L), V (mL) is the volume of the solution and W 
(g) is the mass of the adsorbent.  
Adsorption kinetics of anionic surfactants 
For the measurement of the time resolved 
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distilled water was mixed with 60 mg of adsorbent in a 
500 ml flask for about 10 min. 285 ml of anionic 
surfactant solution was quickly introduced into the 
flask (keeping the initial concentrations of the result-
ing solutions at 2.1 mmol/L) and stirred continuously 
at 20 °C. Samplings were done by fast filtration at 
different time intervals. The concentration of residual 
anionic surfactant in the solution was determined and 
the adsorption amount qt was calculated according to 
Eq. (2) [33]:  
−
= 0 ()
     t
t
cc V
q
W
         ( 2 )  
where qt is the adsorption amount at time t, c0 is the 
initial concentration of anionic surfactant solution, ct is 
the concentration of anionic surfactant solution at time 
t, and V is the volume of anionic surfactants solution 
and m is the mass of MC and AMC.  
pH point of zero charge 
The suspension test of the carbonaceous adsor-
bent, to provide a quick and reliable way of deter-
mining the pH point of zero charge (pHPZC), was car-
ried out using the pH drift method used by Yang et al. 
[34], with the modification that sodium chloride was 
used as an inert electrolyte. Prior to measurement of 
pH drift, the carbonaceous adsorbent was thoroughly 
washed with water followed by dilute sodium hyd-
roxide (pH ∼10) to neutralize any free sulfuric acid 
that may have remained and finally soaked in HCl for 
24 h. After filtration, it was washed with distilled water 
till the filtrate was free of chloride and sulfate ions as 
detected by AgNO3 and barium sulfate tests. The 
“enriched” carbon adsorbent was then air-dried. This 
was done to ensure the removal of any potential 
effects on pH drift due to dissolution of salts in carbon 
adsorbent. The pH of test solutions was adjusted in 
0.005 M NaCl in the range between 1.92 and 10.90 
using 0.5 M HCl or 0.5 M NaOH. Then, 0.06 g of 
carbonaceous adsorbent was added into 20 mL of the 
pH adjusted solution in a plastic capped vial and equi-
librated for 24 h. The final pH was measured and plot-
ted against the initial pH. The pH at which the curve 
crosses the pHinitial = pHfinal line was taken as pHPZC. 
RESULT AND DISCUSSION 
Characterization 
Nitrogen physisorption is the method of choice 
for gaining knowledge about mesoporous materials. 
This method gives information on the specific surface 
area and the pore diameter. Calculating pore dia-
meters of mesoporous materials using the BJH 
method is common. Former studies show that the 
application of the BJH theory gives appropriate quali-
tative results which allow a direct comparison of rela-
tive changes between different mesoporous mate-
rials.  
The nitrogen sorption isotherms of the MC and 
AMC have a typical type IV shape. Interestingly, the 
pore size distributions are essentially the same as 
before amine functionalization. The adsorption uptakes 
at relative pressure close to p/p0 = 0 are identical. 
However, the total uptakes are slightly different, 
decreasing with the surface modification. As shown in 
Table 1, the decreases in the specific surface areas 
and pore volumes are 4.2 and 8.6%, respectively. 
From the nitrogen sorption isotherms (Figure 1) of 
mesoporous carbon type carbons before and after 
amine functionalization, it can be seen that after 
amine functionalization the obtained carbons still 
have type IV isotherms, indicating that mesoporousity 
is still preserved. However, the amine functionali-
zation leads to a decrease in the total uptake of the 
amine functionalized carbons, which reflects the 
decrease of the total pore volume resulting from 
amine functionalization. Interestingly, the amine func-
tionalized carbons essentially keep the bimodal pore 
size distribution, which is characteristic of the parent 
MC. The textural parameters listed in Table 1 clearly 
confirm the structural changes of amine functionalized 
MC. The variations of the surface area and pore 
volume are especially significant with the increase in 
the acid concentration. 
Table 1. Textural parameters of the MC and AMC employed in 
this study 
Adsorbent  d Spacing, nm  ABET / m
2 g
-1  Vp / cm
3 g
-1
MC 3.4  1010.5  0.69 
AMC 3.1  967.4  0.63 
In order to check the structural degradation, 
XRD data of AMC and MC were obtained on a Philips 
1830 diffractometer using CuKα radiation of wave-
length 0.154 nm. Figure 2 shows the XRD peaks of 
the samples. The XRD patterns of AMC showed three 
diffraction peaks that can be indexed to (110), (210), 
and (220) in the 2θ range from 0.8 to 10°, repre-
senting well-ordered cubic pores [20]. The XRD pat-
terns of MC carbon and AMC (Figure 2) show well-
resolved reflections indicating that MC carbon nicely 
maintains it original structure even after amine funct-
ionalization. For AMC sample, the cubic structure of 
MC was maintained well; but, the XRD reflections 
become less pronounced that might be due to the 
partial damage of the mesoporous (cubic) structure or S.E. MORADI, J. KHODAVEISY, R.DASHTI: REMOVAL OF ANIONIC SURFACTANTS…  CI&CEQ 19 (3) 347−357 (2013) 
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due to the decreased contrast between walls and 
pores because of the cleavage of the carbon species 
from the pore walls. 
The FT-IR technique was used to monitor 
changes on the surface of the ordered mesoporous 
carbon and the content of the introduced nitrogen-con-
taining functional surface group. Figure 3 shows the 
FT-IR spectra of MC and as treated AMC samples.  
A broad band at around 3450 cm
−1 was 
observed in the MC sample. It was mainly caused by 
the O–H stretching vibration of the adsorbed water 
molecules, which also had a bending vibration mode 
corresponding to the band recorded at 1600 cm
−1. 
Bands at 1600–1745 cm
−1 denoted the absorption of 
stretching and bending vibration modes of –COOH on 
the surface of mesoporous carbon materials. In addi-
tion, the broad band that appeared at 1150 cm
−1 was 
caused by the stretching vibration of C–O bonds. The 
AMC sample FT-IR showed that the surface amino 
group was produced after chemical modification, IR 
absorption bands for C-N bond stretching were 
detected at 1170-1240 cm
-1, broad NH2 stretching at 
3250–3450 cm
-1, and an N-H deformation peak at 
1640–1560 cm
-1. 
Table 2 shows the results of elemental analysis 
performed to check if amino groups have really been 
introduced to the mesoporous carbon adsorbents. 
Since 2.1% of nitrogen was detected for AMC though 
no nitrogen was detected for MC, the results in the 
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Fig. 1. Adsorption-desorption isotherms of nitrogen at 77 K on MC and AMC. The insert shows the BJH pore size distribution calculated 
from the desorption branch of the isotherm. 
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table demonstrate the presence of nitrogen-contain-
ing functional groups. 
Table 2. Elemental analyses of mesoporous carbons 
Sample  % C  % H  % N 
MC 93.5  0.49  0 
AMC 89.8  1.48  2.1 
 
pH of point of zero charge for AMC and MC 
The pHPZC of any adsorbent is a very important 
characteristic that determines the pH at which the 
surface has net electrical neutrality. In this work the 
pH drift method was employed to determine this 
parameter. It was noted that despite extensive wash-
ing of the amino modified mesoporous carbon, the 
final pH after equilibration decreased rapidly as shown 
in Figure 4. The curve obtained cuts the pHinitial = 
 
Fig. 3. FT-IR Spectra of MC and AMC samples. 
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= pHfinal line at 4.05 (and 5.34 for MC). The impor-
tance of this value is that one can readily expect that 
removal of anionic surfactants is not feasible below 
this pH because the net positively charged surface is 
unlikely to attract the cations. This intrinsic acidity of 
the carbonaceous material is due to the treatment 
with concentrated sulfuric acid and could not be 
removed upon thorough washing with distilled water.  
Effect of contact time and concentration 
In order to establish equilibration time for maxi-
mum uptake and to know the kinetics of adsorption 
process, the adsorption of benzene sulfonate on car-
bonaceous adsorbent was studied as a function of 
contact time and the results are shown in Figure 5. It 
is seen that the rate of uptake of the surfactant is 
rapid in the beginning and 50% adsorption is com-
pleted within 100 min. Figure 5 also indicates that the 
time required for equilibrium adsorption is 200 min. In 
order to be confident about equilibrium, the equilib-
ration period was kept 300 min [35]. The effect of 
concentration on the equilibration time was also 
investigated as a function of initial surfactant concen-
tration and the results are shown in Figure 6 (on 
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Fig. 5. Effect of contact time on removal of anionic surfactant (benzene sulfonate = 2.1 mmol/L, agitation speed = 150 rpm, adsorbent 
dosage = 0.2 g/l, room temperature = 25 °C). 
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AMC). At lower initial surfactant concentrations, suffi-
cient adsorption sites are available for the sorption of 
benzene sulfonate. Conversely, the numbers of ben-
zene sulfonate at higher initial concentrations are 
relatively more as compared to the available adsorp-
tion sites. Hence, the percentage of benzene sulfo-
nate removal correlates inversely with the initial surf-
actant concentration.  
Kinetics of adsorption 
The study of adsorption kinetics is significant as 
it provides valuable insights into the reaction path-
ways and the mechanism of the reactions. Any 
adsorption process is normally controlled by the three 
diffusion steps: i) transport of the solute from bulk 
solution to the film surrounding the adsorbent, ii) from 
the film to the adsorbent surface and iii) from the 
surface to the internal sites followed by binding of the 
surfactants to the active sites. The slowest steps 
determine the overall rate of the adsorption process 
and usually it is thought that the step (ii) leads to 
surface adsorption and the step (iii) leads to intra-
particle adsorption [36]. Several kinetic models are 
used to explain the mechanism of the adsorption 
processes. A simple pseudo-first order equation is 
given by the Lagergren equation [36]:  
−= − ee log( )    log
2.303
i kt
qq q  (3) 
where qe and q are the amounts of benzene sulfonate 
adsorbed (mmol/g) at equilibrium time and any time t, 
respectively, and k1 is the rate constant of adsorption 
(min
−1). A plot of log (qe−q) versus t gives a straight 
line for first order adsorption kinetics, which allows 
computation of the rate constant k1. The calculated qe, 
k1 and the corresponding linear regression correlation 
coefficient values are summarized in Table 3. As seen 
from Table 3, the calculated linear regression correla-
tion coefficient was relatively small (R
2 = 0.984) and 
the experimental qe values did not agree with the 
calculated values obtained from the linear plots.  
The pseudo-second order equation based on 
equilibrium adsorption is expressed as [36]: 
=+ 2
e 2e
1  tt
q q kq
 (4) 
where k2 is the pseudo-second order rate constant (g 
mmol
−1 min
−1), qe and q represent the amount of ben-
zene sulfonate adsorbed (mmol g
−1) at equilibrium 
and at any time. The equilibrium adsorption capacity 
(qe), and the second order constants (k2) can be 
determined experimentally from the slope and inter-
cept of plot t/q versus t. The calculated qe, k2 and the 
corresponding linear regression correlation coefficient 
values are summarized in Table 3. R
2 value is greater 
than 0.99. As seen from Table 3, the values of qe 
calculated from pseudo-second order kinetics almost 
agreed well with the experimental values of qe. These 
results indicate that the adsorption of benzene sulfo-
nate on the amino modified mesoporous carbon fol-
lows pseudo-second order kinetics.  
Effect of temperature on adsorption of anionic 
surfactants on MC 
The amount of benzene sulfonate adsorbed on 
mesoporous carbon depends on temperature and the 
chemical structure. The activation energy is the amount 
of energy required to ensure that a reaction happens. 
According to the Arrhenius equation: 
log k = -Ea/(2.303RT)+const. (5) 
where  k is the rate coefficient, Ea is the activation 
energy,  R (8.314 J mol
−1 K
−1) is the universal gas 
constant, and T is the temperature (K), we found the 
activated energy for benzene sulfonate. 
After linearization of the Arrhenius equation, we 
achieved the values of the activated energy for ben-
zene sulfonate 15.03 J mol
-1. According to the results, 
the amount of benzene sulfonate adsorbed on the 
mesoporous carbon increased with an increase in 
temperature. As it is widely agreed, the adsorption is 
a spontaneous exothermic process but according to 
the results, anionic surfactant adsorption increases 
with the increase in temperature. It has been sug-
gested that in aqueous solution the anionic surfactant 
forms a hydrated complex containing up to six water 
molecules attached to each unit and therefore a 
decrease in surfactant–water hydrogen bonding with 
increase in temperature can explain the higher 
adsorption capacity. 
Effect of surface modification 
In order to evaluate the efficacy of the prepared 
adsorbents, the equilibrium adsorption of the anionic 
surfactants was studied as a function of equilibrium 
concentration. The adsorption isotherms of benzene 
Table 3. Pseudo-first order and pseudo-second order constants for the removal of benzene sulfonate by AMC 
Pseudo-first order constants  Pseudo-second order constants 
qe,exp / mmol g
–1  qe,cal / mmol g
–1  k1 / g mmol
–1 min
–1  R
2  qe,cal / mmol g
–1  k2 / g mmol
–1 min
–1  R
 2 
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sulfonate (BS), p-toluene sulfonate (TS) and 4-octyl-
benzene sulfonate (OBS) on AMC and MC are shown 
in Figures 7 and 8. It is seen that order of adsorption 
in terms of amount adsorbed (mmol/g) on different 
adsorbents is: AMC > MC. 
It is interesting that the amount of anionic surf-
actants adsorbed increases with increasing solution 
pH for both samples. Further, AMC registers higher 
anionic surfactants adsorption capacity (2.1, 1.7 and 
1.4 mmol/g for benzene sulfonate (BS), p-toluene sul-
fonate (TS) and 4-octylbenzene sulfonate (OBS)) 
than the untreated mesoporous carbon (1.1, 0.87 and 
0.71 mmol/g for benzene sulfonate (BS), p-toluene 
sulfonate (TS) and 4-octylbenzene sulfonate (OBS)). 
The higher adsorption capacity of AMC can be 
explained by the undoubtedly increasing interaction 
as a result of the amino functional group in AMC. It 
means that a new and strong interaction between the 
anionic surfactant and cationic surface of the adsor-
bent is introduced [37].  
Langmuir and Freundlich isotherms 
In order to indicate the sorption behavior and to 
estimate the adsorption capacity, adsorption iso-
therms were studied. The adsorption processes of 
benzene sulfonate were tested with Langmuir and 
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Fig. 7. Adsorption isotherm for benzene sulfonate (BS), p-toluene sulfonate (TS) and 4-octylbenzene sulfonate (OBS) on MC (contact 
time = 300 min, agitation speed = 150 rpm, adsorbent dosage = 0.2 g/l, room temperature = 25 °C). 
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Fig. 8. Adsorption isotherm for benzene sulfonate (BS), p-toluene sulfonate (TS) and 4-octylbenzene sulfonate (OBS) on AMC (contact 
time = 300 min, agitation speed = 150 rpm, adsorbent dosage = 0.2 g/l, room temperature = 25 °C). S.E. MORADI, J. KHODAVEISY, R.DASHTI: REMOVAL OF ANIONIC SURFACTANTS…  CI&CEQ 19 (3) 347−357 (2013) 
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Freundlich isotherm models. Two commonly used 
empirical adsorption models, Freundlich and Lang-
muir, which correspond to heterogeneous and homo-
geneous adsorbent surfaces, respectively, were em-
ployed in this study. The Freundlich model is given by: 
=+ ee
1
ln ln ln f q Kc
n
 (6) 
where Kf and n are the Freundlich constants related 
to adsorption capacity and intensity, respectively. In 
the second model, the Langmuir equation assumes 
maximum adsorption occurs when the surface is 
covered by the adsorbate, because the number of 
identical sites on the surface is finite. The Langmuir 
equation is given as:  
=+
e
em
11
m
c
c
qq b q
 (7)   
where qe (mmol/g) is the amount adsorbed at equi-
librium concentration ce (mmol/L), qm (mmom/g) is the 
Langmuir constant representing maximum monolayer 
capacity and b is the Langmuir constant related to 
energy of adsorption.  
The isotherm data was linearized using the 
Langmuir equation. The regression constants are 
shown in Table 4. The high value of correlation coef-
ficient indicated good agreement between the para-
meters. The same data was also fitted by the Freund-
lich equation (Table 4). The value of correlation coef-
ficients showed that the data conform well to the 
Langmuir equation.  
CONCLUSIONS 
In this work, the performance of aminated meso-
porous carbon was investigated using tree different 
nonionic surfactants. The structural order and textural 
test (XRD, BET and FT-IR spectroscopy) confirm the 
proper structure on unmodified and modified meso-
porous carbon sorbents. It is found that the AMC can 
efficiently adsorb the surfactants BS, TS, OBS and 
DBS from water solutions predominantly by hydro-
phobic interactions. The adsorption is enhanced by 
acidifying the surfactant solution due to the electro-
static interactions between the AMC surface and surf-
actants in addition to the hydrophobic interactions. 
The kinetic data was best fitted to the pseudo-second 
order model and adsorption isotherm was fitted well 
by the Langmuir model. Isotherm data at 25 °C were 
fitted by the Langmuir model better than the Freund-
lich model.  
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NAUČNI RAD 
  UKLANJANJE ANJONSKIH SURFAKTANATA 
SORPCIJOM NA AMINOVANOM MEZOPOROZNOM 
UGLJENIKU 
Direktno i indirektno oslobađanje velikih količina surfaktanata u životnu sredinu može 
dovesti do ozbiljnih zdravstvenih i ekoloških problema. Stoga je neophodno ukloniti surf-
aktante iz vode pre ispuštanja u životnu sredinu ili upotrebu. U ovom radu je proučavano 
uklanjanje anjonskih surfaktanta, benzen-sulfonata (BS), p-toluensulfonata (TS) i 4-oktil-
benzen-sulfonata (OBS), iz vode adsorpcijom na amino modifikovanom mezoporoznom 
ugljeniku (AMC). Hemija AMC površine i osobine same teksture su proučavane adsorp-
cijom azota, XRD i FTIR analizom. Eksperimenti su izvođeni u šaržnom režimu pri razli-
čitim operativnim uslovima, kao što su kontaktno vreme, pH rastvora, količina adsor-
benta i temperatura. Na kraju, adsorpcione izoterme anjonskih surfaktanata na mezopo-
roznom ugljeniku opisane su Langmuir-ovim modelom. AMC je pokazao veći adsorp-
cioni kapacitet anjonskog surfaktanta od netretiranog mezoporoznog ugljenika, što se 
može objasniti jakim interakcijama između anjonskog surfaktanta i katjonske površine 
adsorbensa. 
Ključne reči: aminacija; mezoporozni ugljenik; anjonski surfaktant; Langmuir-ov 
model. 
 
 